The issue as to whether white coat hypertension is a pathologically significant entity, with associated target organ changes, or that the condition carries the same risk for target organ involvement as normotension, is undecided. Previous studies which have shown pathological correlates between white coat hypertension and target organ damage have not controlled for the most obvious confounder, mean 24 h blood pressure (BP). Methods and results: In this study we retrospectively identified 33 age and sex-matched pairs, one group with normal BP, the other with white coat hypertension. The white coat hypertensive group showed significantly greater left ventricular mass indexed for body surface area than normal controls (99.0 g/m 2 vs 78.3 g/m 2 , P Ͻ
Introduction
White coat hypertension has long been recognised as an acute elevation of blood pressure (BP) occurring in the context of active third party BP measurement. 1 Variously termed 'white coat hypertension', 'clinical hypertension', or 'isolated clinic hypertension' 2 (we will herein refer to the phenomenon as white coat hypertension (WCH)), it has been assumed that the lack of sustained hypertension in these patients reflects a reactive sympathetic nervous system, and predicts a benign prognosis. A number of studies looking at evidence of target organ damage have given equivocal results; left ventricular hypertrophy and renal dysfunction have both been described as occurring in association with WCH, [3] [4] [5] [6] [7] [8] while other studies have not documented an association. [9] [10] [11] [12] These studies have largely shown significantly higher mean BP in the WCH group, and it may be that the documented elevation of cardiac and renal indices of end-organ involvement found in these studies are simply a reflection of this higher BP in this group. 13 In this case-control study, we identified a large cohort of patients with WCH defined on 24-h ambulatory BP (ABP) monitoring, and an age and sexmatched normal cohort drawn from the normal population. Groups were compared for ABP profiles, and the presence of target organ involvement, namely the presence of myocardial hypertrophy. The groups were then further matched for 24-h mean arterial BP, and the comparison for left ventricular mass index (LVMI) was then repeated, to determine if controlling for BP differences between the populations would remove the perceived differences in target organ involvement.
Subjects and methods

Patient population
Patients were identified from a search of the database in the Blood Pressure Unit (Beaumont Hospital, Dublin, Ireland) which comprises patients referred to the hospital for investigation of hypertension. Patients referred to this service routinely have electrocardiography and echocardiography performed 744 within 1 week of the ABP monitor being applied. Patients were selected if they met with the following definition of WCH, namely an elevation of the clinic BP, with or without an elevation of the initial BP (first hour) on the ABP monitor above 140 mm Hg systolic and/or 90 mm Hg diastolic, with a normalisation of the BP to below these figures within the next hour, and a subsequently normal BP mean for both daytime (systolic Ͻ135 mm Hg, diastolic Ͻ85 mm Hg) and night-time (systolic Ͻ125 mm Hg, diastolic Ͻ70 mm Hg) monitoring periods. Patients were excluded if the above definition was not met, or if the routine screening tests were not performed. Also, patients were not included if they were documented as taking antihypertensive medication at any time prior to referral for the ABP monitor. Shift workers were excluded from the analysis.
Control population
Control patients were enrolled from a database of ABP in the normal population, the initial study of which has been described elsewhere. 14 Patients from this population have been routinely brought back for follow-up study, from 1995 onward, and had electrocardiography and echocardiography performed on the day of the ABP monitor. A total of 130 control subjects were available for cross-matching. WCH patients were assigned age and sex-matched controls from this database. The matching procedure was undertaken without knowledge of the patients BP variables, by a physician told only: (1) which patient cohort the subject belonged to; and (2) age and sex. Only controls with a normal clinic, initial, daytime and night-time ABP profile according to the above definition were enrolled. Again, patients were excluded if the screening data was deficient, or if they were taking medicines known to interfere with BP.
Echocardiography
Echocardiography was performed by a trained echocardiographer using a standard 2.5 MHz echocardiography transducer applied to the chest in the parasternal long and short axis planes, where measurements of wall thickness, and chamber size were made. To ensure there was no systematic observer bias, three M-mode tracings were printed from each of the videotaped studies; a trained technician then manually measured the chamber parameters, blinded to the case-control status of the patients, and took the mean dimensions for the three tracings as the measured variable. The left ventricular mass was calculated from these parameters using the formula of Devereux et al. 15 This was subsequently indexed for body surface area.
Blood pressure measurement
Clinic BP was measured in accordance with the recommendations of the British Hypertension Society. 16 For controls, all readings were required to be below 140 mm Hg systolic and 90 mm Hg diastolic. All case patients had an elevated clinic BP on referral from their general practitioner, and all had an elevated clinic BP again when measured in the Blood Pressure Unit prior to the affixing of the ABP monitor. The clinic pressures were measured in both cases and controls (after 5 min quiet sitting) by the Unit nurse, prior to affixing the ABP monitor. The lower reading was taken as the clinic pressure, and this value was entered into the database.
Twenty-four ABP measurement was performed using the SpaceLabs 90207 (Redmond, WA, USA) ABP monitor. 17 Monitors were programmed to measure BP at 30-min intervals day and night. The monitor was removed the next day, and the data was transferred into a personal computer and loaded into a specialised software package (DABL). 18 The initial, daytime and night-time systolic, diastolic and mean BP were calculated. The 'daytime' period was defined as the hours between 09.00 and 21.00 hours (excluding the initial period), and night-time as the hours between 01.00 and 06.00 hours. The 24-h period was defined as the total period of measurement time from application to removal of the monitor. Transition times (21.01 to 00.59 hours, and 06.01 to 08.59 hours) were not included in the estimation of day and night mean pressures, as these periods represent times during which bed rest is inconsistent and therefore cannot reliably be categorised. 19 Patients on night shift work, or within 4 weeks of completing night shift duty, were not included in the analysis. Recordings were not included if there were less than 14 valid readings during the day, or less than seven valid readings during the night. The validity criteria were those identified by the editing software, ie, systolic BP Ͻ diastolic BP, diastolic BP Ͼ160 or Ͻ40 mm Hg, systolic BP Ͼ260 or Ͻ50 mm Hg. BP values not identified by the editing software were included in the analysis. 20 
Definitions and statistics
Clinical data was extracted from the database, in accordance with the following definitions. Family history of hypertension was defined as the reporting of hypertension in a first degree relative. A family history of vascular disease was present if one or more first degree relatives had suffered a myocardial infarction, angina pectoris, a cerebrovascular accident or had been given a diagnosis of peripheral vascular disease. The presence of any other medical condition identified from the clinical review at time of monitoring was considered a potential confounder and this patients record was not included in the analysis.
The initial matched groups were compared for BP variables, and for left ventricular mass; the pairs were then further matched for BP by assigning a sexspecific sequential ranking code to the mean 24-h BP for subjects in each group. The ranked pairs obtained were then compared for actual BP and age; corresponding BP values and age not differing by 2.5 mm Hg and 2 years were deemed acceptably paired and this pairing was included in the age, sex and BP matched cohort. The secondary selection procedure was undertaken by an observer blinded to the left ventricular mass measurements of the cohort. Group differences between variables was explored using the paired t-test. Where non-normal data was compared, the Wilcoxon Rank Sum method was used. Differences in proportions between paired variables were explored by calculation of the z statistic. A P value of less than 0.05 was considered significant.
Results
Age and sex-matched population
A total of thirty-three age and sex-matched pairs were identified. The clinical data between groups are presented in Table 1 . WCH patients were slightly heavier than controls, but not significantly so. Body mass index (BMI) was comparable across the two groups. A family history of hypertension was found more frequently in the WCH patient population, but there was no difference in reported family history of vascular disease. The incidence of cigarette smoking was comparable between the two groups.
Intra-observer error for echocardiographic parameters was small; ANOVA testing showed no overall difference in the mean LVM calculated from the three sets of measurements. Absolute differences across measurements did differ significantly from zero, with a mean difference of 2.4 grams (95% confidence interval 2.0-2.8). Accordingly, although significant, the absolute intra-observer variability was small.
The data pertaining to ABP are presented in Table  2 . By definition, WCH patients had a significantly higher initial systolic and diastolic BP. Daytime and night-time systolic BPs were significantly higher in the WCH patient group, although remaining within the normal range. There was no difference between the groups with respect to presence of nocturnal dipping of BP or heart rate. The LVMI is presented in Table 2 . Both groups showed a LVMI within the normal range (Ͻ110 g/m 2 ), but the LVMI for white coat hypertensives was significantly greater than controls.
Age, sex and blood pressure matched population
Secondary matching identified 20 age, sex and BP matched pairs. BMI was not significantly different between the groups, and they were comparable for other clinical features ( Table 3 ). The BP data are presented in Table 4 . The groups were similar for 24-h BP parameters, and only differed in the initial BP profile, with the WCH group having a higher initial systolic and diastolic pressure. End-organ data from the two groups shows persistence of the differences in left ventricular muscle mass index (Table 4) , with the WCH group demonstrating significantly higher LVMI. A multiple regression model was fitted to the data with LVMI as the dependent variable, to determine possible confounding by the independent variables daytime and night-time systolic and diastolic BP, age, BMI, height, weight and sex. Additionally, the presence or absence of WCH was entered into the model as a covariate. The only significant predictors in the model were the presence or absence of WCH (P = 0.011), and age (P = 0.01).
Discussion
White coat hypertension as a clinically distinct entity has been recognised for some time. 21, 22 As many as 20% of patients presenting for ABP moni- toring with an elevated clinic measured BP may have a normal 24-h BP profile. 23 The debate continues as to whether the clinical condition of WCH represents a true pathological state, with associated morbidity, or a benign manifestation of a reactive sympathetic nervous system. 24 There has been recent speculation that WCH is not an entirely benign entity. Left ventricular mass has been shown to be higher in elderly white coat hypertensives than in normal controls. 4, 7 However the literature is at variance on the subject, with other reports suggesting that no significant left ventricular remodelling occurs in these patients. 11 It is interesting to note that previous comparative studies of WCH vs normotension have shown higher 24-h BPs in the WCH group. 6, 7, 11 This would at least suggest that within the normal range, WCH patients have a higher 24-h BP load, occupying a higher pressure stratum than normotensives. The subtle changes in left ventricular mass could be accounted for by this BP discrepancy. 13 If this was the case, then one would expect that differences between normo-and white coat hypertensives with regard to target organ changes would disappear when the groups are further controlled for 24-h BP. Indeed, two such studies, 9, 10 comparing left ventricular mass between normotensive and WCH groups, where 24-h BP was comparable across the two groups, showed no difference in structural heart changes. On the other hand, Glen et al 3 in a similarly designed study, with BP equivalence between the normal and WCH groups, showed evidence of functional cardiac derangement in the WCH group. This last study has however been criticised for having a very high cut-off point for the difference between normotension and hypertension, at 95 mm Hg diastolic. 25, 26 As discussed by Verdecchia et al, 27 a high cut-off point may result in patients with borderline hypertension being included in the definition of WCH. As a result, endorgan damage may be ascribed to patients given the qualitative diagnosis of WCH, when in fact it is the quantitative, continuous variable of BP that is responsible for end-organ changes. Our study specifically compares cardiac muscle mass between normal patients and white coat patients, and removes the possible confounding effect of differences in BP between the two groups. The fact that differences in muscle mass persisted when BP differences were removed from the equation is strong evidence that white coat hypertensives are indeed different from their normotensive counterparts. Left ventricular hypertropy (LVH) has been well documented as an indicator of a poor prognosis in patients with hypertension. 28 It is possible that even with our strict matching of BP, minor differences in measured pressure might, over a protracted time period, give rise to the observed differences in left ventricular mass, but the minimal differences between the populations would make this very unlikely.
What aetiological mechanisms may be at work to cause cardiac changes in the presence of WCH but in the absence of sustained elevation of BP? Firstly, transient stress-related increases in BP, occurring throughout the course of the day may account for reactive changes in the vascular architecture of the heart, while not altering the mean BP load, as measured on 24-h ABP monitoring. Thus, an increase in BP variability may account for the changes in target organs. 29 However, a number of studies have failed to show significant BP lability in patients with WCH. 30, 31 Secondly, the presence of WCH may be a manifestation of an underlying dysfunctional sympathetic nervous system. 32, 33 Left ventricular muscle hypertrophy has been ascribed to trophic activity of the sympathetic nervous system. 34 Again, however, sympathetic anomalies have not been definitively proven in WCH. 29, 35 Finally, patients with WCH may have an underlying genetic propensity to an increased stress responsiveness of BP. This genetic tendency may also be expressed in subtle abnormalities of cardiac modelling. It is already known that children of hypertensive parents, without overtly elevated BP, may show structural cardiac muscle hypertrophy. 36 A prospective study showing that white coat hypertensives progress to sustained hypertension would provide good supportive evidence for this latter interpretation, and some evidence for this does exist. 37 With respect to this study, it is always a concern that a retrospective case control study will be open to selection bias. It is possible that a particularly severe cohort of white coat hypertensives, with LVH, were selectively identified. However, the decision to perform the echocardiograph was a protocol driven one, based on the referral BP, and without knowledge of the ABP monitoring result. The likelihood therefore of particularly a pathological cohort being identified is small.
A prevalence rate of 20% for WCH means that a significant number of patients in the community have a form of BP abnormality which carries a relatively low risk. 38 Our findings would concur with this interpretation. However, our results also suggest that WCH does describe a group of patients with a cardiovascular profile that is different from normal. The only prospective study to date 25, 39 had a relatively short follow-up period, and was unlikely to have shown either progression to sustained hypertension in white coat hypertensives over this time period, and therefore would have been unlikely to have shown an excess of morbidity in these patients. Further data are therefore required to determine the prognostic significance of our findings, with regard to mortality and end-stage organ failure.
